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Preface

As part of the U.S. Army's ongoing program related to the research and development of red water
treatment technologies, the U.S. Army Environmental Center (USAEC) contracted IT Corporation
to prepare conceptual designs and plans for pilot-scale demonstrations of two treatment
technologies: wet air oxidation (WAO) and circulating bed combustion (CBC). The project
objectives also included development of a Test Plan and Health and Safety Plan for these
demonstrations, and preparation of a Project Report. This Project Report is intended to
summarize the conceptual designs, Test Plan, and Health and Safety Plan and to serve as a guide
for activities when the next phase of this program (i.e., conducting the demonstrations) is

implemented.

Red water is not currently generated by the U.S. Army or any other part of the U.S. Department
of Defense nor has it been generated in the recent past. An accurate and complete database does
not exist in regard to the chemical and physical nature of red water. Due to this lack of waste
characterization data, it was not possible to complete an accurate analysis of the associated testing
and treatment requirements. Additionally, the source of red water for testing and the location
where the tests will be conducted (i.e., the host facility) have not been identified. Therefore,
waste- and site-specific concerns and requirements cannot be accurately or completely addressed
at this time. As a result, this phase of the investigation included completion of plans and
conceptual designs. Completion of system designs and finalization of test and safety plans must
be completed in the future prior to initiation of the demonstration program.

This Project Report outlines the current project status and identifies the steps which must be
completed prior to conducting the demonstrations. These include: selecting a host facility,
obtaining red water for the demonstrations, characterizing the red water, preparing final process
and equipment designs, finalizing Health and Safety and Test Plans, and acquiring the test
equipment. Because of the unique and largely undocumented nature of red water, once a source
has been identified, a critical initial objective will be characterization of the physical and chemical
nature of the waste and a review of the associated treatment requirements.
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1.0. GENERAL DESCRIPTION

1.1. INTRODUCTION

Red water is the waste water generated from the purification stage of the
manufacturing process of 2,4,6-trinitrotoluene (TNT). During the purification stage,
a sellite solution is added to the crude TNT to remove unsymmetrical isomers. The
red water generated contains dinitrotoluene (DNT) sulfonated compounds and
products of incomplete nitration of toluene to TNT (i.e. priority pollutants 2,4-DNT
and 2,6-DNT).

Red water is currently classified by the EPA as an RCRA-regulated reactive hazardous
waste (KO47). The feasibility of using Wet Air Oxidation (WAO) for the treatment of
TNT red water was confirmed by the study which was performed by the Department
of Civil Engineering at the University of Maryland, under contract with the U.S. Army
Construction Engineering Research Laboratory. As a result, the US. Army
Environmental Center (USAEC) has decided to investigate a piloting program to treat
TNT red water in a Wet Air Oxidation system.

This document is prepared as part of the task entitled "Red Water Treatment
Technology Test Plan and Site Preparation” for the USAEC. The objectives of this
task are to prepare test and safety plans, determine the best conceptual designs, and
prepare layouts for pilot scale Circulating Bed Combustors (CBCs) and WAO
treatment systems. Due to the uncertainty of the pilot plant demonstration location,
the units are designed to be transportable.

This design package presents the conceptual design, layout and cost estimate of a
mobile Kenox Wet Air Oxidation pilot plant. Further process engineering and detailed
design engineering is necessary prior to construction of the Kenox pilot plant.

The Kenox WAO system presented here is a transportable pilot plant consisting of a
feed preparation and preheat section, reaction section and separation and pressure let
down section. The red water is diluted and preheated in the feed preparation section
and then mixed with air prior to entering the reaction section. The reactor system
operates at 484 deg F and 1000 psia. Spent air and oxidized waste leaving the reactor
system are cooled and fed into a two stage pressure let down and separation system
prior to being discharged from the WAQO system.

This design package contains the following major sections:

e 1.0 General Description - Presents a brief introduction to the project and contents,
the WAO design basis and a WAO block diagram.

e 2.0 Process Description - Presents a process overview of the Kenox WAO system
and a description of each key system section.

Page 1 KENOX Corporation
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o 3.0 PFD and P&IDs Package - Presents the Process Flow Diagram (PFD) and the
Piping and Instrumentation Diagrams (P & IDs) for the WAOQ system.

« 4.0 Equipment List - Presents a table of the key equipment components.

« 5.0 Equipment Specifications - Presents the process specification sheets for each
key WAO component.

« 6.0 Utility Consumption - Presents the utility consumptions of the WAO system.

o 7.0 General Arrangement Drawings - Presents the general arrangement plans for
the WAOQ system.

« 8.0 Electrical One-Line Drawing - Presents the electrical one-line drawing for the
WAO system.

e 9.0 Mass & Energy Balance Outputs - Presents the basis and results of mass and
energy balances conducted for normal operations.

« 10.0 Pilot Plant Cost Estimate - Presents the cost estimates for purchase and lease of
Kenox WAO equipment.

« 11.0 Treatability Study - Presents the autoclave procedures and results.

e 12.0 Operations & Safety Considerations - Presents the health and safety
considerations of the WAO operations.

o 13.0 Sampling Plan - Presents the general process and emissions sampling
procedures. -

o 14.0 Operations Manual - Presents a draft Kenox WAO operations manual.

Page 2 - KENOX Corporation
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1.2. DESIGN BASIS

In preparing this conceptual design, Kenox has relied to a significant extent on the
experimental data, observations and results presented in the Phull (1992) and Hao
(1993) reports and Kenox' preliminary treatability study on the TNT red water.
Additional assumptions and considerations were also made in the absence of data.
These assumptions and the literature review results require confirmation through an
extended treatability study before the design of the system is to be finalized. The
initial conceptual design basis and considerations are discussed below.

1.2.1. Red Water Characteristics

The manufacturing process of 2,4,6-trinitrotoluene (TNT) consists of two
stages: (i) nitration of toluene to crude TNT and (ii) sellite purification to
remove the unsymmetrical TNT isomers and other impurities. During the
purification stage, the sodium sulfite (sellite) that is added to crude TNT,
reacts selectively with the unsymmetrical TNT isomers to produce
dinitrotoluene (DNT) sulfonated compounds. The waste water which is
generated during this stage (also known as red water) contains the
dinitrotoluene sulfonated compounds, products of incomplete nitration of
toluene to TNT from the first stage and other complex byproducts formed
during the nitration and purification stages.

Based on Radford Army Ammunitions Plant data on red water characteristics
(forwarded by IT Corporation to Kenox, see Tables 1.1 and 1.2), red water in
general has a COD range of 65,000 mg/l to 120,000 mg/l, a pH of 7.0 to 9.7
and contains 15 to 30 percent solids. Inorganic salts make up 45 wt% of the
solids and nitrobodies make up the remaining 55 wt%.

This conceptual design assumes that dinitrotoluene sulfonated (DNTS)
compounds constitute the major COD contributor in red water. Due to limited
physical data available on DNTS, the mass and energy balance assumed the
following sequence of reaction pathways: (1) removal of the sulfonic group
from DNTS to form dinitrotoluene and sulfuric acid; and (2) oxidation of
dinitrotoluene with air to produce carbon dioxide, water and nitrogen.

1.2.2. Dilution of Feed

The selection of the design pressure of the reactor system will have to take into
account the overpressurization of the system in the event of an uncontrollable
reaction. Kenox' preliminary evaluation indicated that the optimum system
design pressure can be achieved at a feed concentration of 6 % COD.
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1.2.3.

1.2.4.

1.2.5.

1.2.6.

1.2.7.

Design Conversion Levels and Feed Rates

The Kenox pilot plant is designed to treat 1.5 USGPM of raw red water at a
COD level of 120,000 mg/l. The incoming red water will be diluted to a COD
level of 60,000 mg/l with a treated effluent recycle stream due to safety
concerns and excessive evaporation in the Kenox reactors with the high
incoming COD level. The design throughput after dilution of the feed stream
is 3.0 USGPM. Experimental data reported in Phull's dissertation (1992),
predict a COD conversion in the 85% range at WAO reaction conditions of
485 deg F .

pH Adjustment

Initial pH of the waste feed stream can have a significant impact on the
performance of the oxidation reaction. In this Kenox design, a feed pH of 5 is
required.

Definitions of Kenox Inside Battery Limits
The Kenox inside battery limits are defined as follows:

o Inlet of the Kenox unit: Feed to the suction of the waste feed pump, P-
101.

o Outlet of the Kenox unit: Effluent from the discharge of the final effluent
pump, P-103.

e Refer to the attached PFD in Section 3.0 for details on the definitions of
Kenox inside battery limits.

Design Inlet Battery Limit Conditions
Raw Feed Flow, USGPM 1.5
pH 7.0-9.7
COD, mg/l (min/max) 65,000/120,000
Temperature, deg F 60 :
Compositions . see Tables 1.1 & 1.2
Design Outlet Battery Limit Conditions
pH 20-40
Temperature, deg F 107
Pressure, psia 50
COD, conversion 85%

Page 4 KENOX Corporation

Project No.: UJ41014
Revision : 1
Date :12/23/94



Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/23/94

1.2.8. Material of Construction

As reported in Phull's dissertation, the corrosivity of red water is aggravated
under process conditions of high temperature, high pressures and low pH of
oxidized solutions. Sulfonated nitroaromatics are expected to be more
corrosive when subjected to WAO due to the formation of inorganic salts. On
the basis of the corrosion testing performed by Phull, titanium is selected as the
material of construction for Kenox reactors and associated equipment and
piping when the process temperature exceeds 100 OF. For process effluent
temperatures less than 100 OF, equipment and piping will be constructed from
316 stainless steel. pH adjustment on the rundown effluent from the Kenox
unit, if required is not included in the design scope.

1.2.9. Plot Area

Due to the uncertainty of the pilot plant demonstration location, the unit is
designed to be transportable and to be operable indoors or outdoors. The
required minimum plot space for this Kenox unit is approximately 16'x 48"

1.2.10. Service Factor

It is anticipated that the service factor for the Kenox system will be in the order
of 90 %. Rotating equipment spare parts inventories are at the client's choice
and judgment between the penalty for short term shutdown versus the cost of
the spare equipment. However, Kenox recommends that spare parts for
critical and long term delivery items be stored. A list of spare parts will be
provided upon the completion of detailed engineering.
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Table 1.1 Red Water Characteristics

Chemical Oxygen Demand, mg/L 65,000 - 120,000
Total Solids, % 15-30
Specific Gravity 1.1
Nominal Solids Heat Value 3,200 BTU/Ib
Suspended Solids, mg/L 32
pH 7.0-9.7
Soluble Chloride, mg/L 70
Total Kjeldahl Nitrogen, mg/L 11,129
Nitrate Nitrogen, mg/L 1,739
Nitrite Nitrogen, mg/L 6,788
Ammonia Nitrogen, mg/L 150
Metals, mg/L
Calcium 39 - 346
Iron 4.9 -307
Magnesium 25-90
Potassium 42
Aluminum 2.1-10
Chromium 0.14-49
Barium 022-30
Copper 23
Cadmium 0.7
Silver 04
Zinc 6.4

Reference: Radford Army Ammunitions Plant, 1988, "Review of Canadian Industries
Limited's Boloeil Facility as a Candidate for a SRP Pilot Test."
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U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Table 1.2 Composition of Red Water Solids

Inorganic Salts, wt%
NapS03-NapS04 323
NaNO; (sodium nitrite) 11.2
NaNOj3 (sodium nitrate) 1.5
NAHS-Na3S (sodium sulfide) may be present
Sodium bicarbonate/carbonate may be present
Subtotal Inorganic Salts, wt% 45
Nitrobodies, wt%
Sodium sulfonate of 2,4,5 TNT 22.7
alpha - TNT - Sellite complex 16.2
Sodium sulfonate of 2,3,4 TNT 9.6
Sodium sulfonate of 2,3,5 TNT 2
Sodium sulfonate of 2,3,6 TNT trace .
2,4,6-TNBA (trinitrobenzoic 1.0
acid) Na salt
White compound sodium salt * 1.0
{ TNBAL - bisulfite addition 1.0
) compound
(trinitrobenzaldehyde)
TNBOH (trinitrobenzyl 1.0
alcohol)
Sodium nitroformate 0.5
3,4 - DNBA (dinitrobenzoic trace
acid) Na salt
2,3 - DNBA (dinitrebenzoic trace
acid) Na salt
TNB (trinitrobenzene) - Sellite trace
complex
Dissolved 2,4-DNT trace
(dinitrotoluene)
Dissolved alpha - TNT trace
(trinitrotoluene)
Subtotal Nitrobodies, wt% 55
* "White compound" is believed to be 2,2-dicarboxy-3,3"5,5"-tetranitroazoxybenzene
Reference: Radford Army Ammunitions Plant, 1988, "Review of Canadian Industries
( Limited's Boloeil Facility as a Candidate for a SRP Pilot Test".
Page 7 KENOX Corporation
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/23/94

2.0.PROCESS DESCRIPTION

The following process description refers to equipment shown on the PFD and P&IDs in
Section 3.

2.1. FEED PREPARATION & PREHEAT

To prevent excessive evaporation in the Kenox reaction section, the maximum COD
concentration for TNT red water to be processed in this WAO system is 6%. For
TNT red water containing COD level above 6%, feed dilution is required before being
introduced to the Kenox reactor. TNT red water from storage outside Kenox' battery
limits is pumped at a rate of 1.5 USGPM by waste feed pump, P-101, to the feed
drum, D-104. At the inlet of this drum, the waste is mixed with a treated Kenox
effluent recycle stream which is delivered by the final effluent pump P-105, or service
water via dilution feed pump P-102 to maintain the maximum COD in the feed at 6
%. This blending is performed by the flow ratio controller, FFRC-401.

The diluted feed is pumped from the feed drum by high pressure feed pump, P-103 to
the inlet tubeside of feed/effluent exchanger, E-101 where it is preheated by the
reactor system's effluents to the required inlet temperature to the Kenox reactor
section. During start up, the electric heater E-102 will be used to heat the feed up to
the desired reaction temperature.

2.2. REACTION & SEPARATION SECTIONS

The Kenox reaction section comprises of reactors connected in series. Compressed air
is injected into the reactors to supply the required oxygen for the reaction. Reactor
effluent is cooled to 104 deg F via the feed/effluent exchanger E-101 and the water
cooler, E-103. Spent air and oxidized waste water leave the cooler and proceed to a
two stage pressure let down and separation system, D-101 and D-102.

The off-gas, which at this point is mainly carbon dioxide, nitrogen and water vapor is
vented to the atmosphere. The oxidized waste water is sent to the effluent drum, D-
105. From the outlet of D-105, part of the oxidized waste water is recycled back via
the effluent recycle pump, P-105 to the discharge of the feed waste pump, P-101. The
other portion is pumped to the client's storage outside Kenox' battery limits.

2.3. COMPRESSED AIR

Air is supplied to the Kenox reactors by the reciprocating compressor, C-101.
Compressed air leaving the compressor at 1050 psia flows to the air accumulator D-
103. The total air flow to the Kenox reactors is controlled by an oxygen analyzer
which measures the O, content of the offgas leaving the system.

Page 9 KENOX Corporation
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COMPRESSOR DATA SHEET

Equipment Name Air Compressor

Total Number Required One
DESIGN CONDITIONS C-101
Gas Handled Air
Std. Capacity SCFM 112
Weight Flow Ib/hr 510
Critical Pressure psia 547
Critical Temperature deg F -221
Relative Humidity
Molecular Weight 28.8
Inlet
Pressure psia 14.7
Temperature deg F Ambient
Cp/Cv 1.4
Compressibility 1
Inlet Volume ACFM 113
Outlet
Pressure psia 1050
Temperature deg F
Cp/Cv
Compressibility
Discharge Volume CFM
Miscellaneous
Adiabatic kW
BHP kw
Speed rpm
Compressor Connections (1) Motor
Suction Size in., Rating Motor hp
Discharge Size in., Rating Volts 460 Phase 3 Hertz 60

Cooling Water

Electrical Classification

Class | & Ii, Div. 1

Inlet Temp. 68 deg F Materials
Differential Temperature 18 deg F Casing
Max. Allowable Pressure Drop psi Piston

Shaft

Remarks:

1. Compressor vendor to confirm and supply alt applicable information to fully complete data sheet.

2. Cooling is not required for final stage.

3. Compressor vendor to supply:

(i) Suction air filters and silencers

(i) Pressure relief valves.

{iii) Local temperature and pressure gauges for ali stages

{iv) Shutdown protection switches

{v) Compressor control system to be mounted in appropriate enclosure.

{vi) Motor starter with enclosure.

g

PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation C-101 0
0| 1172294 For Quotation BM A/ |LocaTioN:
NO. |DATE REVISION BY | CHK. | APP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

b,

Equipment Name: H. P. Separator
Total Number Required 1

Design Data
Max Operating Pressure 970 psia
Design Pressure 1070 psia
Max Operating Temperature 104 °F
Design Temperature 155 °F
Corrosion Allowance : in.
Radiography Per ASME Code @ @
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) Ib

]l

Material Specification
Shell - 31685 — ©
Internals - Note (1)
Lining - Ol == .

o
Supports - <
Insulation - Personne! Protection
—— 13" —>
Nozzle Schedule @ ‘— __| @
Nozzie Mark | Qty. |Size, in. Rating @ I—— Y
No.
Inlet A 1 0.75 in. 600# RF
Liquid Outlet B 1 0.50 in. 600# RF
Vapor Outlet C 1 0.75 in. 600# RF
Level Transmitter D 1 1.50 in 600# RF
Level Transmitter E 1 1.50 in 600# RF
Level Switch F 1 1.0 in. 600# RF
Hand Hole G 1 |6.0in. 600# RF
Relief Valve H 1 1.0in. 600# RF
Remarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
1 |12/214|NozzLE ' ADDED BM IT Corporation D-101 1
0 li111694[For Quotation BM LOCATION:

NO. |DATE REVISION BY | CHK. APP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

Equipment Name: L. P. Separator

Total Number Required 1
Design Data
Max Operating Pressure 50 psia
Design Pressure 75 psia
Max Operating Temperature 107 °F
Design Temperature 160 °F
Corrosion Allowance in.
Radiography Per ASME Code
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) Ib
Material Specification
Shell - 316SS
Internals - Note (1,2)
Lining -
Supports -
Insulation - Personne! Protection
—— 13" —— P
Nozzle Schedule _—I @
Nozzle Mark | Qty. |Size, in. Rating @ }—-— /
No.
Inlet A 1 0.50in. 150# RF
Liquid Outiet B 1 {0.50in. 150# RF
Vapor Outlet C 1 0.50 in. 150# RF
Level Transmitter D 1 1.50 in 150# RF
Level Transmitter E 1 1.50 in 150# RF
Relief Valve F 1 {0.50in. 150# RF
Hand Hole G 1 |6.0in. 150# RF
Remarks:

1. Vortex breaker at liquid outlet to be provided.

2. Ellipsoidal heads.

3. Demister at vapor outiet to be provided.

4. Final complete data sheet subjected to Kenox approval.

PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation D-102 o
0 |111ema|For Quotation BM ﬁq/ LOCATION:
NO. |DATE REVISION BY | cHK.] APP. SHEET 1 OF 1




w

HORIZONTAL VESSEL DATA SHEET

Equipment Name:

Total Number Required

Air Accumulator
1

Design Data
Max Operating Pressure 1050 psia
Design Pressure 1160 psia
Max Operating Temperature 255 (1) °F
Design Temperature 310 (1) oF
Corrosion Allowance in. L 47-0"
Radiography Per ASME Code e o
Stress Relieved
Code ASME Code (Latest Edition) © @
Estmated Weight (Empty) b

T -
1

Material Specification @
Shell - Carbon Steel 14"
internals - None
Lining - None |
Supports - 3
Insulation - Heat Conservation i} @

18" 6"
Nozzle Schedule Y @
Nozzle Mark | Qty. |Size, in. Rating
No.
Inlet A | 1 Jo7sin. 600# RF ©)
Outlet B 1 |0.75in. 600# RF
Safety Valve Cc 1 |0.75in. 600# RF
Drain D 1 ]0.75in. 600# RF
Level Gauge E 1 1.0in. 3000# NPT
Level Gauge F 1 }1.0in. 3000# NPT
Pressure Gauge G 1 0.75 in. 3000# NPT
Temperature Gauge H 1 1.0in. 3000# NPT
Remarks:
1. To be verified with air compressor vendor.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation D-103 0
0 |11:21m4|For Quotation BM #7/ |LocaTioN: '

NO. |DATE REVISION BY | CHK. APP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

Equipment Name: Feed Drum
Total Number Required 1
Design Data
Max Opersting Pressure 15 psia
Design Pressure 30 psia
Max Operating Temperature 85 °F
Design Temperature 135 oF
Corrosion Allowance in.
Radiography Per ASME Code @ @
Stress Relisved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) Ib
® H T
Material Specification
Shell - 316sS — ©
Internals - Note (1) :
Lining - .
(=]
Supports - Carbon Steel (skirt) ©
Insulation - No
g—— 40" —>
® O
Nozzle Schedule
©® H — ®

Nozzie Mark | Qty. [Size, in. Rating
No.
Inlet A 1 |0.50in. 150# RF 1
Outlet & Drain B 1 1.0in. 150# RF
Vent c | 1 |1.0in. 150# RF ™
Level Gauge D 1 1.50 in 150# RF )
Level Gauge E 1 1.50 in 150# RF
Level Switch F 1 1.0in. 150# RF ]
Hand Hole G 1 8.0 in. 150# RF
Sample Point H 1 |0.75in. 3000# NPT
jRemarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX uJ41014
EQUIPMENT NO. REV.
CLIENT:
1 |1212284|Nozzle *H' added BM A/ IT Corporation D-104 1
0 |11168m4}For Quotation BM LOCATION:
NO. |DATE | REVISION BY | cHK.] TAPP. SHEET 1 OF 1




VERTICAL VESSEL DATA SHEET

Equipment Name: WAO Effluent Drum
Total Number Required |

Design Data
Max Operating Pressure 15 psia
Design Pressure 30 psia
Max Operating Temperature 107 oF
Design Temperature 160 °F
Corrosion Allowance in.
Radiography Per ASME Code @ ©
Stress Relieved
Code ASME Code (Latest Edition)
Estmated Weight (Empty) Ib

Material Specification

Shell - 3165S — ®©

Internals - Note (1)

Lining - .
o

Supports - Carbon Steel (skirt) ©

Insulation - No

—— 407 —P

Nozzle Schedule

@® @
1 n

Nozzle Mark | Qty. |Size, in. Rating
No.
Inlet A 1 0.50 in. 150# RF NN
Outlet & Drain B 1 1.0in. 150# RF
Vent c | 1 [1oin 150# RF ™
Level Gauge D 1 1.50 in 150# RF .
Level Gauge E 1 1.50 in 150# RF
Level Switch F 1_|]1.0in. 150# RF ] L A 2
Hand Hole G 1 8.0in. 150# RF
Sample Point H 1 0.75 in. 3000# NPT
Remarks:
1. Vortex breaker at liquid outlet to be provided.
2. Ellipsoidal heads.
3. Final complete data sheet subjected to Kenox approval.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Red Water KENOX UJ41014
EQUIPMENT NO. REV.
CLIENT:
1 [1221/04]Nozzle "H' added BM ﬂ IT Corporation D-105 1
0 |111em4|For Quotation BM A%/ |LOCATION: :
NO. |DATE REVISION BY | CHK. APP, SHEET 1 OF 1




HEAT EXCHANGER DATA SHEET
v £-101 REACTOR FEED/EFFLUENT EXCHANGER
Size Type: Double Pipe (Horiz/Vert) Horiz. Connected In
Surf/Unit Shells/Unit Eff. Surf/Shell ft2
1)
SHELL SIDE TUBE SIDE
Fluid Name Oxidized Wastewater Feed
Fluid Quantity, Tota! Ib/h 2007 1544
: IN ouT IN ouT
Vapour Ib/h 1043 646
Liquid Ib/h 964 1361 1544 1544
Steam Ib/h
Water Ib/h
Noncondensible Ib/h
Temperature °F 483 403 61 362
Density Liquid/ Vapour + NC Ib/cf}53.00/2.52 55.45/3.01 66.67/ 57.562/
Viscosity Liquid/ Vapour + NC cP}0.10/0.02 0.10/0.02 1.27/ 0.10/
Molecular Weight Liquid/ Vapour + NC
Molecular Weight, Noncondensible
Specific Heat Liquid/ Vapour + NC Btu/Ib°F|1.19/0.44 1.08/0.33 0.91/ 1.00/
ThermalConductivity Liquid/ Vapour + NC Btu/hrft-F|0.34/0.03 0.37/0.02 0.34/ 0.38/
Latent Heat Btu/lb
Inlet Pressure psia 990 1050
Velocity ft/s
Pressure Drop, Allow/Calc psi 10/ 20/
Fouling Resistance hft2°F/Btu 0.002 0.002
Heat Exchanged 430577 Btu/h ;MTD (Corrected) 213 - °of
Transfer Rate Service Clean Btu/hft2°F
CONSTRUCTION OF ONE SHELL
SHELL SIDE TUBE SIDE SKETCH
Design / Test Pressure psig 1090/ 1160/
Design Temperature °F 535 415
No of Passes per Shel!
Corrosion Allowance in
Connection in (Size & Rating) 600# 600#
Connection out (Size & Rating) 600# 600#
Tube No ; OD Thickn Length Pitch
Tube Type Plain Materia! Titanium
Shell Titanium ;1D in; OD in Shell Cover {Integ.)
Channel or Bonnet Channel Cover
Tubesheet - St Tubesheet - Fl
Floating Head Cover Impingement Protection yes
Baffles - Cross ; Type Vert/Seg ; %Cut{Area) ; Spacing c/c in
Baffles - Long - Seal Type
Supports - Tube " U Bend Type
Bypass Seal Arrangement Tube - Tubesheet Joint
Expansion Joint Type
pv2 - Inlet Nozzle -Bundle Entrance - Bundle exit
Gaskets - Shellside - Tubeside
-  Floating Head
i.Code ASME Section Vill, Div | latest issue
Weight/ Shell Filied with Water Bundle Lb.
Remarks: (1) : Exchanger Vendor to confirm and supply all applicable information to fully complete data sheet.
(2): Material: Shellside = Titanium; Tubeside = Titanium
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT SPEC. NO. REV.
CLIENT:
IT Corporation E-101 0
0 lsen1/21]Initial BM 21/ |LOCATION:
NO. DATE REVISIONS BY |[CHK.{APP. . SHEET 1 OF 1




ELECTRIC HEATER

Equipment Name Reactor Feed Heater
Line, Size / Spec. 0.5in. / 660
Duty, KW: 95
Fluid Name TNT Red Water
Fluid Quantity, Total Ib/hr 772

Vapour Ib/hr

Liquid ib/hr 772

Steam ib/hr

Water Ib/hr

Noncondensible Ib/hr
Temperature Deg F In: 61 Out: 480
Inlet Pressure psia 1050 Allowable Pressure Drop, psi: 20
Specific Gravity 1.07
Viscosity, Liquid cp 1.28
CONSTRUCTION

Design Pressure ,psia 1160
Design Temperature , Deg F 530
Flange Size, in: Rating:
Material, Shell: Titanium Note (7) Element: Ti, non-direct contact. See Note (4).
Voltage
Wattage

Length, mm

Wall Sheath thickness, mm

Welded Elements :

Built-in Thermostat well - Note 5 —1 No x] Yes, Length,mm: I.D.,mm :

Vented or Stilted Housings required

Built-in Thermocouples

Passivated sheet required ?

Moisture resistant terminal housing required?

Code

Class: &1 Division : 1 Group :

Manufacturer:

Model Number:

Remarks: 1) Equipment vendor to insert all applicable data to fully complete data sheet.

2) Final data sheet is subject to Kenox approval.

3) Auto ignition temperature 295 to 330 deg C.

4) Heating elements to be capsulated so that process fluid does not come

in contact with the elements.

5) Vendor to supply temperature trip on power supply for element high temperatures.

6) Operation of the heater will be intermittent.

7) Shell to be supplied by Kenox.

PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT redwater | KENOX uJ41014
EQUIPMENT NO, REV.
CLIENT:
IT Corporation E-102 0
0 |11722/94| For Quotation BM LOCATION: '
NO. |DATE REVISION BY | CHK. | APP. SHEET 1 OF 1




L,

| HEAT EXCHANGER DATA SHEET
JEquipment Name EFFLUENT COOLER
Type: Double Pipe {Horiz/Vert) HORIZ Connected In
fSurf/Unit ft2 Shells/Unit Eff. Surf/Shell ft2
1 i
| SHELL SIDE TUBE SIDE
IFIuid Name Cooling Water Oxidized Waste Water
FFluid Quantity, Total ib/h 33935 2007
IN ouT iN ouT
Vapour Ib/h 646 516]
Liquid Ib/h 1361 1491
Steam Ib/h
Water Ib/h 33935 33935
Noncondensible Ib/h
Temperature °F 68 86 403 104
fDensity Liquid/ Vapour + NC Ib/cf 63.13 62.6655.45/3.01 64.66/5.18
lViscosity Liquid/ Vapour + NC cP 1 0.797]0.1/0.02 0.76/0.02
IMolecuIar Weight Liquid/ Vapour + NC
IMolecular Weight, Noncondensible
lSpecific Heat Liquid/ Vapour + NC Btu/lb°F 0.97 0.97 |1.078/0.331 [0.946/0.27
ITherma!Conductivity Liquid/ Vapour + NC Btu/brft-F 0.349 0.357 |0.374/0.023 |0.359/0.017
fLatent Heat Btu/lb
finlet Pressure psia 60 980
JVelocity ft/s
IPressure Drop, Allow/Calc psi 10/ 10/
IFouIing Resistance hft2 °F/Btu 0.001 0.002
JHeat Exchanged 588919 Btu/h ;MTD (Corrected) 129 °F
fTransfer Rate Service Clean Btu/hft2°F
| CONSTRUCTION OF ONE SHELL
| SHELL SIDE TUBE SIDE SKETCH
[Design / Test Pressure psig 720/ 1080/
lDesign Temperature °F 140 455
INo of Passes per Shell
Corrosion Allowance in
Connection in (Size & Rating) 600# 600#
Connection out (Size & Rating) 600# 600#
Tube No ; OD Thickn Length Pitch in|
Tube Type Plain Material Titanium
Shell Carbon Steel ;ID in; OD in Shell Cover Carbon Steel {integ.)
§Channel or Bonnet Channel Cover
lTubesheet - Stationary Tubesheet - Floating
IFloating Head Cover impingement Protection yes
|Baffles - Cross ; Type ; %Cut(Area) ; Spacing c/c in|
IBafﬂes - Long - Seal Type
lSupports - Tube U Bend Type
lBypass Seal Arrangement Tube - Tubesheet Joint
lExpansion Joint Type
}va - Inlet Nozzle -Bundle Entrance - Bundle exit
Gaskets - Shellside - Tubeside
| - Floating Head
Code ASME Section Vi, Div | latest issue ; TEMA Class , R
Weight/ Shell Filled with Water Bundle Lb.
IRomarks: (1) : Exchanger Vendor to confirm and sg_pply all applicable information to fully complete data sheet.
§(2):  Material: Shellside = Carbon Steel; Tubeside = Titanium
JPROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX UJ41014
EQUIPMENT SPEC. NO. REV. |
CLIENT:
IT Corporation E-103
0 [11/21/94}mitial BM ﬁ LOCATION:
hls. DATE REVISIONS | BY |CHK. PP. ’ SHEET 1 OF 1
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CENTRIFUGAL PUMP DATA SHEET

Equipment Name

P-101 - Waste Feed Pump

SHEET

Total Number Required One

Design Data Motor
Service Raw Wastewater “fMotor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60

Min.{ Norm | Max. |Electrical Classification Class | & li; Div. 1

Pump Temperature F 60
Specific Gravity 1.08
Viscosity cP 1.2078
Vapour Pressure psia 14.7 Turbine
Flow Rate ib/hr 772 Inlet Steam Temp. F
Solids Percent Notes 2 & 3 15 30} inlet Steam Pressure psia

Pressure for Max. Flow Exhaust Steam Temp Fi
Suction Press. 16  psiajExhaust Steam Pressure psia
Discharge Pressure 46 psia
Diff. Press. 30 psi
Diff.Head 64 ft
Min. NPSHA 5 ft
Hyd hp 0.04 bhp

Materials Pump Connections
AP| Spec 610 Suction Size , Rating Cl. 3000 NPT
Case 316SS Discharge Size , Rating Cl. 3000 NPT
Shaft 316SS
impeller 316SS
Packing Type
Mechanical Seal Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.

2) Total Suspended Solids: 1% maximum.
3) Consider solids abrasive.
H
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT NO. REV.
CLIENT:
iT Corporation P-101 0
0 |111194fFor Quotation BM ﬁ/ LOCATION:

NO. DATE REVISION BY | CHK. | APP. 1 OF 1




CENTRIFUGAL PUMP DATA SHEET

Equipment Name

P-102 - Dilution Feed Pump

Total Number Required One
Design Data Motor
Service Service Water Motor hp
Erosion/Corrosion Volts 460 Phase Hertz 60
Min.| Norm | Max. JElectrical Classification Class | & iI; Div. 1
|Pump Temperature F 60
Specific Gravity 1.015
Viscosity cP 1.1197
Vapour Pressure psia 14.7 Turbine
Flow Rate ib/hr/GPM 1544/3 Inlet Steam Temp. F
Solids Percent 0 inlet Steam Pressure psia
Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 16 psia]Exhaust Steam Pressure psia
Discharge Pressure 46 psia
Diff. Press. 30 psi
Diff.Head 68 ft
IMin. NPSHA 5 ft
Hyd hp 0.07 bhp
Materials Pump Connections
API Spec 610 Suction Size , Rating Cl. 3000 NPT
Case 316SS Discharge Size , Rating Ci. 3000 NPT
Shaft 316SS
Impelier 316SS
Packing Type
Mechanical Seal Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.
]
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJa1014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation P-102 0
0 }1111/94|For Quotation BM m LOCATION: ‘
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Cagatione

POSITIVE DISPLACEMENT PUMP DATA SHEET

Equipment Name

P-103 High Pressure Feed Pump

Total Number Required One
Design Data Motor
Service Raw Waste Water Motor hp
Erosion/Corrosion Volts 460 Phase Hertz 60
Min. | Norm | Max. fEiectrical Classification Class |, Il Div.1
Pump Temperature F 60 Variable Speed Drive Required: Yes
Specific Gravity 1.065
Viscosity cP 1.206
Vapour Pressure psia 14.7 Turbine
Flow Rate Ib/hr 1544 Inlet Steam Temp. F
Solids Percent Notes 2 & 3 15 30jinlet Steam Pressure psia
Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 20  psia]Exhaust Steam Pressure psia
Discharge Pressure 1050 psia
Diff. Press. 1030 psi
Diff.Head 2224 ft
Min. NPSHA 5 ft
Hyd hp 2.3 bhp
Materials Pump Connections
Displacement Chamber 316SS Suction Size in.
Casing 316SS Discharge Size in.
Piunger Piston
Diaphragm
Check valves & Seats 316SS
Shaft
Packing Type
Mechanical Seal Type
Notes:
1) Supplier to insert all applicable data to fully complete the data sheet.
2) Total Suspended Solids: 1 % maximum.
3) Consider solids abrasive.
PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX UuJ41014 ‘
EQUIPMENT NO. REV.
CLIENT:
iT CORPORATION P-103 0
0}11/11/94| For Quotation BM ﬂ(/ LOCATION:
NO. |DATE REVISION BY | CHK. | APP. SHEET 1 OF 1




CENTRIFUGAL PUMP DATA SHEET

Equipment Name

P-105 - Final Effluent Pump

Total Number Required One

Design Data Motor
Service Oxidized Wastewater Motor hp
Erosion/Corrosion Volts 460 Phase 3 Hertz 60

Min.| Norm | Max. JElectrical Classification Class 1 & 1I; Div. 1

Pump Temperature F 107
Specific Gravity 1.03
Viscosity cP 0.733
Vapour Pressure psia 25 Turbine
Flow Rate tb/hr| 772 1544]Inlet Steam Temp. F
Solids Percent Notes 2 & 3 15 30}Inlet Steam Pressure psia

Pressure for Max. Flow Exhaust Steam Temp F
Suction Press. 18  psiajExhaust Steam Pressure psia
Discharge Pressure 53 psia
Diff. Press. 35 psi
Diff.Head 78 ft
Min. NPSHA 5 ft
Hyd hp 0.08 bhp

Materials Pump Connections
API Spec 610 Suction Size , Rating Ci. 3000 NPT
Case 316SS Discharge Size . Rating Cl. 3000 NPT
Shaft 316SS
Impeller 316SS
Packing Type
Mechanical Seal Type
Remarks: 1) Supplier to insert all applicable data to fully complete the data sheet.

2) Total Suspended Solids: 1% maximum.
3) Consider solids abrasive.
[PROJECT: PROJECT NO. DIVISION NO.
IT Corporation - TNT Redwater KENOX uJ41014
EQUIPMENT NO. REV.
CLIENT:
IT Corporation P-105 0
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014

Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/22/94
SECTION 6.0.
UTILITY CONSUMPTION
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/23/94

6.0. UTILITY CONSUMPTION

6.1. ELECTRICAL

¢ Waste Feed Pump, KW 0.5
¢ Dilution Feed Pump, KW 0.5
o High Pressure Feed Pump, KW 1.6
e Final Effluent Pump, KW 0.75
o Air Compressor, KW 60

o Electric Heater, KW 95

e Reactor Section, KW 4

6.2. COOLING WATER

o Effluent Cooler, USGPM 68

o Air Compressor, USGPM 12

¢ Reactor Section, USGPM 15

Page 29 KENOX Corporation



Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014

Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :12/22/94
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GENERAL ARRANGEMENT DRAWINGS
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Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water
Red Water Treatment Technology Test Plan & Site Preparation Project
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland

Project No.: UJ41014
Revision : 1
Date :12/22/94

SECTION 8.0.

ELECTRICAL ONE LINE DRAWING

KENOX Corporation
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9.0. MASS & ENERGY BALANCE OUTPUTS

9.1. REACTION PATHWAYS

The process modelling of the mass and energy balances for a Kenox WAO plant
treating red water assumed that dinitrotoluene sulfonated compounds constitute the
major COD contributor in the red water. Reaction pathways used in the process
model were based on those proposed by Phull (1992) from his experimental work on
the wet air oxidation of 5-nitro-o-toluene sulfonic acid (NTSA), a sulfonated aromatic
similar in structure to dinitrotoluene sulfonates.

Due to limited physical data available on DNTS, the following simplified sequence of
reaction pathways were assumed: (1) removal of the sulfonic group from DNTS to
form dinitrotoluene and sulfuric acid and (2) oxidation of the dinitrotoluene with
oxygen to produce carbon dioxide, water and nitrogen. Mass balances for sulfur and
nitrogen from Phull's kinetic experiments (1992) confirm the validity of the simplified
reaction pathways. The experiments indicated sulfur initially present was almost
stoichiometrically converted to sulfates. For the nitrogen balance, a significant amount
of nitrogen was present in the reactor offgas with an absence of nitrite and nitrate in
the aqueous phase.

Reaction 1:

CH3CgHa(NO2)2S03H + HO  ---mm- > CH3CcH3(NO2)2 +  HpSO4
(DNTS) (dinitrotoluene) (sulfuric acid)

Reaction 2:

CH3CcH3(NOp)2 + 13/202  —=-m-- > 7C0, + 3H0 + Np

(dinitrotoluene)

Experimental data reported in Phull's dissertation (1992), predict a COD conversion in
the 85% range at an oxidation reaction temperature of 485 deg F.

Recommended analyses to be conducted during the pilot plant test stage to confirm
the effluent characteristics are documented in Section 13.
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9.2. REACTOR PROCESS CONDITIONS

Process conditions assumed for the reactors in the process simulation model are: 484
deg F reaction temperature and 1000 psia operating pressure. The raw red water feed
needed to be diluted to 6% to prevent excessive evaporation in the reactors resulting
from the exothermic heat of reaction released during the oxidation reaction.
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10.0. PILOT PLANT COST ESTIMATE

10.1. SCOPE OF KENOX SUPPLY

Kenox shall supply IT Corporation's client with the following services and equipment:

Basic Process Engineering Design Package.

Detailed engineering, procurement, manufacturing/fabrication and assembly of the
total Kenox skid mounted system.

Kenox' skid mounted system includes all equipment as per the equipment list in
Section 4, fabrication and installation of piping within the skid battery limit and
instrumentation.

Separate trailer unit to contain DCS and MCC.

All vessels and piping within the skid battery limits requiring insulation will be
insulated.

All electrical equipment and materials within the skid arrangement to be pre-
installed and terminated at junction boxes.

Operating and maintenance manuals.

10.2. SCOPE OF IT CORPORATION SUPPLY

IT Corporation or its client shall supply the following equipment and services:

Foundation and drainage system to accommodate Kenox skid mounted system.
All utility connections to and from Kenox system.
Unpacking and locating the skid in the designated area.

Electrical interconnecting wiring and conduit between skid mounted Kenox
supplied junction boxes and Kenox supplied trailer unit.

Power feed to Kenox disconnect switch at power distribution panel.

Appropriate system registration with governing State authorities.
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10.3. PURCHASE OPTION

The price for a fully operational skid mounted plant capable of treating TNT red water
in a continuous operation at the rate of 3 USGPM delivered CIF Toronto, Ontario,
Canada is $ 1,900,000 US - 5% + 15 %. This price is valid for 90 days from the date
of this proposal.

The cost of shipment, insurance, transportation to IT Corporation or its client and all
applicable federal and state taxes and permits will be on the account of the purchaser.

The price quoted includes the scope of supply by Kenox Corporation as outlined in
Section 10.1.

10.4. LEASE OPTION

The cost schedule for the leasing option is outlined below:

e 4 equal payments of $225,000 US

« first payment due upon signing of the purchase order

« second payment due on delivery of the equipment to the site

 third payment due 90 days after deliyery of the equipment to the site

« fourth payment due 120 days after delivery of the equipment to the site

o the cost of shipment, insurance, transportation to IT Corporation or its client and
return to Kenox and all applicable federal and state taxes and permits will be on the

account of the purchaser.

 operations and maintenance costs not included

The leasing cost and terms are valid for 90 days from the date of this proposal.

Kenox will be pleased to provide additional information, if required, at the time the
contract is negotiated.
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11.0. OPERATIONS & SAFETY CONSIDERATIONS

11.1. INTRODUCTION

This section presents a description of special health and safety precautions
related to the operations and sampling of a Kenox Wet Air Oxidation system for
the treatment of red water.

11.2. REGULATIONS AND GUIDELINES

All activitities conducted during the wet air oxidation of red water must be in
compliance with applicable requirements of the following publications:

« 29 Code of Federal Regulations (CFR) 1926, Construction Industry, OSHA
Safety and Health Standards

o 29 CFR 1910, General Industry OSHA Safety and Health Standards

e 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste
Operations and Emergency Response"

o NIOSH/OSHA/USCG/EPA, "Occupational Safety and Health Guidance
Manual for Hazardous Waste Site Activities,", October 1985

e American Conference of Government Industrial Hygienists (ACGIH),
"Threshold Limit Values and Biological Exposure Indices", 1989 - 1990, or most

current version

o U.S. Department of Health and Human Services, (DHHS) "NIOSH Sampling
and Analytical Methods," DHHS (NIOSH) Publication 84-100

o ANSI, Emergency Eyewash and Shower Equipment, Z41.1 (1983)
¢ ANSI, Protective Footwear, Z358.1 (1981)

« ANSI, Practice for Occupational and Educational Eye and Face Protection,
Z87.1 (1968)

e ASTM D4687, Vol. 11.04, Standard Guide for General Planning of Waste
Sampling, ASTM, Philadelphia, PA.
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11.3. EMERGENCY SHUTDOWN SYSTEM

The prime area of concern is the reaction of the excess oxygen in the reactor system
with an inadvertent introduction of an excess of oxidizable chemicals or a material
(such as a combination of copper, iron and cobalt) that could act as a catalyst and
increase the rate of reaction. The rapid oxidation would result in an increase in the
reaction temperature and a corresponding increase in pressure. However, the pressure
increase would be mitigated by the pressure control valve PCV-312 opening in
response to the pressure surge.

The system is equipped with two levels of alarm. The first alarm, with indication on
the CRT, warns of high temperature or high pressure in the system prior to activation
of the Emergency Shutdown System.

The second alarm on high temperature or high pressure reading in the reactor system
will trigger the Emergency Shutdown System. If the temperature sensor, TSHH-208,
on the the reactor system's outlet line senses a temperature over 500 OF (Note: this
setting can be changed) or the high pressure sensor, PSHH-313, on the reactor
system's outlet line senses a pressure over 1050 psig (resulting from a rapid pressure
rise or a malfunction of pressure control valve, PCV-312) , the WAO system will go
into automatic shutdown as follows:

1. High temperature alarm is sounded with an indication on the CRT in the control
room as to which sensor has activated the shutdown.

2. The microprocessor control unit will automatically initiate the following steps
simultaneously:

« Air to system is stopped by the closing of the emergency shutdown valve
XCV-603 located on the outlet line from the air accumulator, D-103.

o Ifthe electric heater E-102 is in use, a signal will be sent to shut down the
heater to prevent any additional heat from being introduced into the system.

o The waste water feed to the system is stopped by closing of the feed shutdown
valve XCV-601 located upstream of the high pressure feed pump, P-103.

e Service water is introduced to the system by the full opening of the valve
XCV-602 located upstream of P-103.

The operator should proceed as follows:

e Acknowledge the alarm.
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o Lower the pressure on the system to 900 psig by resetting PCV-312.
o Increase the flow through the high pressure pump, P-103 to 4 USGPM.
All the above steps can be done from the CRT in the control room.

If the pressure and temperature sensors fail to respond or a fault occurs in the control
system, then the pressure will be relieved via the safety relief valve PSV-317. A high
pressure alarm, PAH-316 would indicate that either the relief valve has been activated
or that the rupture disc is leaking. The relief valve will discharge to the atmosphere
via a safe location. If the relief valve is activated then the operator should immediately
implement the shutdown of the facility via pushing button HS-XXX on the panel or an
equivalent icon on the CRT. The rupture disc PSE-314 should be replaced, relief
valve settings rechecked and lines between the rupture disc and the safety valve
cleaned to remove any residual waste lodged against PSH-316 and PI-315.

Page 43 KENOX Corporation




Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :01/09/95

11.4. HAZARD ASSESSMENT

11.4.1 Waste Feed

Explosion Potential - Red water has a solids content of 15% and a
solids heat content of 3200 BTU/Ib. As the initial raw waste stream
will be diluted with a recycle effluent stream and a very high reactor
recycle stream prior to entering the reactor system (exceeding the 20:1
dilution factor), the effects of temperature and pressure excursions
resulting from a detonation type of reaction is negligible. Section 11.3
discusses the Emergency Shutdown System in place to handle
temperature and pressure excursions.

Contaminated Surfaces - The raw red water will be pumped to the
feed drum from the client's storage tank located outside Kenox' battery
limits. In the unlikely event that red water is spilled or leaked, it should
be cleaned using wet methods and not be allowed to dry. If it is
allowed to dry, the concentrated solids must be considered as explosive
and susceptible to initiation by impact, friction, heat or electrostatic
charge.

11.4.2 Burn Hazards

All equipment with surface temperatures over 100 deg F have been
provided with insulation for personnel protection.

11.4.3 Confined Space Entry

The WAO system shall be evaluated during detailed engineering to
determine if any spaces are permit required confined space. A permit
required confined space is a space that:

Contains or has the potential to contain a hazardous atmosphere
Contains a material that has a potential for engulfing an entrant

Is configured such that an entrant could be trapped or asphyxiated
Contains any other safety or health hazard.

A sign reading, "DANGER - PERMIT - REQUIRED CONFINED
SPACE, DO NOT ENTER" will be posted at the entrance to any
confined space.
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11.4.4 Sampling

Red water may present potential inhalation and skin contact hazards
during the sampling and sample handling activities. ~Appropriate
personal protective equipment should be worn (i.e. safety glasses, hand
protection, apron). Material Safety Data Sheets on some major
components of red water are presented in Section 11.4.5.
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mmkc (8 8% Deg. C).
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lable

Sparingly solubles in
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edposure to sunlial
‘.rmng oHidizers and reduacing egents,

o Combustion Frod 3 bhen hesxted to
tavic mitrogen odide (NOx) fumes. ITte comb
anoninte of black smoke and nitrogen oxide fumes

FURE AMND EXFLC DATA

PfF“lHFe‘ Approx. 295-3230 Deg. C.
itz im Adr (%): LEL: Not applicable.
UEL s Not applicahle.

Yy (Method): Mot available.
ty

See below.

DOONGT FIGHT FIRES INVOLVYING EXFLOSIVE MAETERTAL
ot from the area.

Hazards: Not applicable.

LTH DRaTé

Limit: See "HAZARDOUS INGREDIENTS OF FRODUCT" Section.

(orald rat) = 775 mplkg (1)

The imgrﬁdient(E) of this product is {(are) not

by ACGIH (American Conference of Governmental
e IQFC {International Agency for Research on
aE carcinogens by 08HA (Occupational Ssfety and
and not listed as cearcinogens by NTFR (Mational

is available and o adverse

i available and no adverse mutagenic

Ay Datas Mo information is evailable and no adverse

effects are anticipated.

Materials:r Mome kroawr .

EFFECTS OF EXFOSURE WHERN:
. itating to the nose, throst and respiratory tract.
svzten (CNS) depression, liver damage, kidney

VET L G w Se

@ "Other Health Effectse"” Section.

the skin: This product may cause irritation due to
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and methemoglobinemia.

Initial manifestation

syvatem (CN

"Othher

mﬁthemoﬂlmbinamia i

almoet black

lips, tongue, and muoous

Further manifestation is

bheing slate grav.

wWEskness,

progress from oliguria., to

cdamage generally
renal faillure.

nitrites
rmitrite

reduced to

symptoms of podeoning includes

rine=zs, drowsinsss
Severe Dverexposures may lead to coma and
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bacteria in the

arnd increassecd
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a result, the
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skin contact.

ificial respiration ORNMLY af

Fiopulmoriary resuscitation

atterntion

SRY AT there is
TMMEDISTELY .

rurining water for & minimum of
inated clothing. If
ical attenticon IMMEDIATELY.

FEMmDY AT

flushing.

Immediately

eves with running water for a
flushing. If irritation

minimum

Hold evelids
attprntion

Ingecsted: and not canvulsing,

IMMEDIATELY.

rinse mowth out and give
NOT induce vomiting. If
forward with head down to

and administer more water.

material.
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enhanced respomnsse to effecte
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oy workplace,
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£ WIOEH/ MEHA&-approved ailr—puri v ing
miet, fume/crganic vapouwr cartrid
THT. An air—supplied respirator

L R e
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R ° poss ,i"

cof The wuse coveralle 1o recomnmendsc.

with side shields are recomnended to prevent

Fquxpmﬁnt- locate safety shower and evewash
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CYyr See belaow.

goe Temperature
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+ith adeguate ventilation and avoid breathing
towith eves, skim or clothing.  Wash thoroughly
Pl ¥ bexed clotbimg thoroughly

NE
LRt

oo hamlres

MERT AL FRE

IO DATA

Teakers in the BEvernt of a Spill or Lesk: Stop and contain spill.

i and sweep up into strong plastic bags or plastic

' material wet. Avolid uwse of metal tools. Be careful
ER ol N irlfL,mu arnd sparks.  MNotify gpplicabkle government authority
rwJUw~“ iw reportable or could adversely affect the environment.

= Harrmful to aguatic life at low concentrations. £
e tNer to fish. Can bhe dangerous 1if allowed to

=, Froduct has an unaesthetlic sppearance and can

=ov o Mone krooar .
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Froduct Information @ 1-800-387-212%
Transport Emergency 3 1-513-348-3414 (24 HOURS)
Medical Emeraency : 1-613-348-26146 (24 HOURS)

Gt Mumber Ve
ColuesEne 121-14-2 T
cluene GO E— 2012 1=
e menfvxflrlmu drotoluene isomers o

H ; a Toxic Chemical under Sectiorn 3212 of Title 111 of
- mendments and Reauthorization &dct of 19345 amd 40 CFFR part

if inhaled or absorbed through skin; caus
5 . Svmptoms may be delaved. Causes irrit

aticr.

Lo L—hour LOS0: FEL.ET7 madl in rats - Data i=
orption ALD: L ,000 mgskg in rabbits for
3 177 mg/kg in rats Z2,4-DMNT
DufFont Fags
Material Safelty Data bheet

(HSZARDE IDENTIFICATION — Continued)

2, 4-0NT and =skin irritant. Toxic effects
described in animals from short exposures include
nonszpeciTic effects sucech as reduced weight qain,
methenoglobinemia and effects on the central nervous svstem,
the reproductive syvstem, and the bone marrow. In teste with
laboratoary amimals, technical grade 2.4-DNT has carcinogenic
activity. Tests fTor mutegernic activity in bacteriel and
mammalian cell cultures have beern inconclusive, with
- results in some studies, and negative results in

€, Tes in animals demonstrate no developmental
ity . Z.4-DNT produce testicular degeneration and

el epermatogengssis in rats, mice, and dogs.
iy omale fertility cccours in dominant lethal
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: i o drvitent. is nobt an eve
tirer in tests with laboratorsy
cribed in andmals from e
methemnoglobinemia, decze 1 epermatog i, testicular
abromy . anemia, [ : tremors. Teste with 2,6-DHNT
in some animals demonstrte carcincgenic activity, while

Tor gernic activity in bacterial and mammalian cell
heen inconclusive with positive results in

arnc negative resulis in others,

include

L

Mumar health effects of overewposwre may initially include:
‘eduction of the blood’'s oxygen carrying capscity with

i (bluish discoloration), weakness, or shortness or
methemonlobin formation: abmormal blood forming
o bdloocd cell o tr Cioue
]

T

L dlscmmfurt. Lucﬁ S TIAaLEEE,
temporary nervous system depr o with

effects Euch ag dizziness, hwddnche, cmnfuﬂiﬁm,
i irambiow,  and of  comscioun ;o otempoorary lung
irritation effects WAth Lunuh, discomfort, difficulty
thing, or shortrness of breath; or joint pain.  All

too be able to significantly permeate the

are no reports of buman sensitization.

ith pressisting diseaszes of the cardiovazoular
e marraw may have increases susceptibility to
of excpssive edpDEuUres. A

h,“

izted by IGRD, NTR, OBHA or ACGBIH as
a proposed cercinogen.

IARC NTF O8HA ACGIH
~otoluene Misture X

rotolusne X

arntrole the following materials as potential carcinogens
initrotoluene.
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Data Shest

z of contact: Immediately flush eyes or skin with
v of water for at least 15 minutes while removing
contaminated clothing and shoes. Call. & physician. Wash
clothing before reuse and destroy contaminated shoes.

If dimhaleds Femove to fresh &ir. If rnot breathing, give
artificial respiration, preferably mouth-to-mouth. If
bireath iw difficult, give odxvgen. Call a physician.

= vomiting immediately by giving two
i sticking finger down throat. Call &




Gisew anything by

tor Fhysicians: rption of this product into the body
Lo the formald o f cibd which, in f "ipmt
dicentration, caus Cy EMOELE . of skin tacr g
'*mpfnmr may be delayed. Since reversion of mebhe
g hwmmmlﬁbin cocure spontaneously after trrm1nntlan of
EHEOELTE . mmdpfata degreez of cyancsizs need be treated only
- bed e arch o
i ;hurnumh al“amgiﬁg af the entire contaminated
A of the body including scalp and nails is of utmost
importance . If cyanosis is severe, intravencus injection of
Fvlene blue, 1 mgikg body weight, be of value.
&

{ E.'.'l T"!

amin (Wi min

S
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indicated in wvery

it 2 173 C {E43 F
SFCC
sle limits in Adr, % by Volume
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Fire and Explosion Hazards:
SHS Cls IT] B Combustible Material. Will burn. Fire or

B e o Above 270 0 (B18 F), and confined material will

an explosion (see also Decomposition.
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afety Data She
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(FIRE FIGHTING MEASUR = Corntinued)

b imguishang Meoia

Firve Fighting Instructions

el to a safe area. Flood with water. Cool
with water spray.

Eoto fight large or advanced fTiresi; material

wf confined and heated above 270 C. Fighi

with unmanned or remotely activated equipment.
fire control may cause pollubtion.




HHTE Feview FIRE FIGHTING MEASURES and HAMNDLING (FERISUONMNEL)
e efore proceeding with clean—up. Use appropriate
KNE=T FIHIFCTIVL EQUIFMENT during clean—-up.

fGocidental Relsase Measures

Evacuate ares - admission should be limited to trained

5 wearing full protective EClipm@nt It molten,
up with sand or ﬁfhPF FICAr ztible absorbant
i e ] s e 3 IR
disposal. Uga non-sparking tools.
State, and local regulations

AMND BTORAGE

(Ferzonnel)

brpes

ot the vapor or mist. Do not breathe
“ir. Do mot get on clothing. Do not get in
after handling.

tilation.

in & well ventilated place.

sparks, and flame. Keep drums upright

DuFont Fage &
‘izl ZRafety Datas Shes

FROTECTION

i & " : ed system. Ventilation should be
provvidedd heepn concentration bhelow the exposure limitse.

Fersonal Frotective Eguipment ‘s

Eve/Face : Coverall chemical splash googles.
Safety glasses (side shields);
full-length face shield.

: ALy supplied respirator Suwitable
rezpiratory protection & chem. proof
suit w/hood.

s Butvl rubber apron and footwear
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Evposure Limits

DIHJLFUi duenes Mixture
1EHMA : 1.8 mg/mB, 8 Hreo TeA, Bkin
(nkuTH) D.15% mog/mE, 8 Hre TWA, A2, Skin
¥ (D Font Nome Established

~—
T

fipplicable Exposure Limits

1L omgsmE. 8 Hree THA, Skin
: L8 mgsmE, 8oHr. TG, i
Motice of Intended Chan - LR
Q.lﬁ mg s 8 Hr. TWE, £A2, Skin
¥o{Du Font) H 1B mg/mIi, 8 O& 1E Hre. TWA, Skin

531 2, 6-DNT

toluenes

k 50 : 1.5 omog/m, BOHr. TS, BRin
(ACETH) s 015 mo/mE, 8 Hr. TWA, A%, Shkin

# {Dhu Font) : Mome Established

aposuare Limit.
S ELrE ]
such limits

which are
ehall take

DuFont Fage &
Material Safety Data Sheet

AED CHEMICAL PROFPERTIES

r _wd ommAHg @ 100 C (212 F)
: 6.E ({Alr = 1)

poar et aon Raiw : <10

in Water po_wl WTE

@ 2EC (7EF)

: Distinctive Nitro Aromat.
: Solid/Molten
: Medium Yellow

sodTic Gravity : Lo g 870 L.

pH Information: Mot available

ﬂmp@aranca lline/Clear 011

Eoiling Fo W) minHg s Starts decomposing at 2ZEO C (482 F)
2 i fa;nL. 545 0 (LER Fy odry basis
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Brouatic Towicity

o8 o

The product is moderately toxic (Fé~te LCEHD = 1 - G0 mpsll.

T RERATIONE

eral, State, and locel regulations. If

; v he incinerated uwsing special technigques, or
o hazardous material landfill licensed for
carcinogenic materials.,

5
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TRANSFORTATION INFAORMATION

SZhipping Information

Dirmitrotoluene, Solid: Dinitrotoluene,
Folten
OfRM-E

Froper Shippding Mame




T.D. Mo (URZRAD :  Molten =

[23]

nitrotoluenes
Mol ten

;o Fodson B, &.1

Frroper Shilpping Nams E ol id: Dimddrod

] : Solid = 2038 Moltern = 1&00
DOTAIMO Label : Foison

=eial Information : Flash Foint: 173 €

img Eeoug » I
Foportable Guantity :

SBhipping Containers

Fropesr Shipping Mame : DIWNITROTOLUENE E0OLID
M RN ur 20338

| rodEGd (TLE

a4 DubFont Fags &

dral Regulations

Inventory Status : Reported/Included.

I Divieion 1 Subdivision B - Toxic Material fdcute Lethality.

Ao Nery Toxic Meterial.

#2 Bubdivigion B - Toxic Material. 5S5kin or Eye

Tirritent, Skin Sens=itizer.

“OFRPAT TOR

OTHER Ih

MEFS, NMRCA-HMIE

MPECA-HMIS Rating
alth

= dammadnd ity

¥
Feactivity

e B

rating to be supplied by user depending on use
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frAH_pniL Emasrgen {24 HOURE )
Medical i T {249 HOURD:
COMPOSTTION TR Opd INGREDIENTE
Components
Cas Mumber Y
T LAy Toy
SODIUM )
ZODIUM CAREONATE
SOLTLE MITRSTE
WATER
H
3
Marmtfil or fatal 1iF swallowed.  Harmful iF inhaled.
Overesposure by inhalation or ingestion may cause reduced
ouygen carrying capacity of blood. Cavses skin and eve
irpitation.
FUFaR HEASLTH EFFECTD:
CECODLSL Faoe z
Materias
- Cortinued)
sposure o the product by skin
i 52 irritation with discomfort
or ra ; oor eve irrFitaticon with discomfort, tearing., or
Bluwrrimg of vision. Sodivm nitrite has been infTrequently
cociated with skin sensitization in humans. By
irnbalation, irritation of the upper respiratory passages
with vl may occur. By inhalatjor or ingestion, the
effects may include low blood pr pezure with headache and
fmlhtlﬂﬂ~ or nonspecific discomfort such as nausea or
z Chveredposltre may also cause methemoglobinemis
v QEN cartrying capacity of the blood) with
(Blvish discoloration of the skin), possibly
; dizziness, incoordination, shortness of
! | | .
. pulee rate, and logs of CONSCIOUWENESRS.
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R o | - oo v @ see ae N ogone
s @ncd chemloals
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avoided.

Imformation

Carcinogenicity

Morme of the comporments pre itoAm this materd

egqual to oo grestaer than DLW oare 1i 4 by
RE & CarCinoosEn.

STION

T oinhaled, remove to

not bresthing give
1 i Loult, give

Tammediately Flush skin with plent
Sominutes while removing contaminated

1 oa pheysio clothing before reus

walter Tor
clothing.

PR |
L5 minmutes

flush eves with plenty of
Call & phvsician.

-

INGESTION

If swallowed, immediately give two gla !
incguece womiting. Call & phyvsician. Mever give amyibhing

vy moth

. OBHA or ATEITH

TN Fage 3
imto the body leasds to the
which, in sufficient

CELL S 6 Cyanoels., Since reversion of
] to hemoglobin coours spontanecusly after
nination of esxpc re, moderate degrees of cyanosis need

i ted anly supportive measures such as bed recst

and cxygen inhalation.  Thorouoh cleansing of the entire

contaninated area of the body including scalp and nails is
Codmportance . Oyenocobalamin (Vitamin B—-12), 1 mg
larly, will speed recovery. Intravenous fluids
\ sions may be indicated in very severe
Lf
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2 4R Co(F1a F) oafter drydown
Will mot barn.
Fire and Explosion Hazards:

Strong oxidizer when water is removed. Combustible
materials may oy fire more 1ly after being wet
with sodium nitrite and dried. Product intensifies
CCHmDIaE : s oare difficult to

extirgu

ticr of obther materials.

. SBes "Decomposi

Extinguishing Fle

LT BER.

fie appropriate for combustibl
Fire Fighting Instructions

Eloomd with water,

Safeguards (Fersconnel)

ard HARDGL IMNG (FPERSONMNEL)
. Use appropriate
EQUIPMERNT during clean—up.

Dufort Fage 4
Material Safety Data Sheet

(ACCIDENTAL RELEABE MEASUREZ - Continued)

Aocidental Release Measures

Comply with Federal,
LOPVE srbing relesses. T
charge for sodium nitrite is

HAMDLIMG AND STORAGE

Hamdling {(Fersaonnel)

Do not take internally. Feep from contact with clething and
other combustible materials. Avoid cantact with eyes and
ekin. Avoid breathing vapore or mist. Aveid breathing dust
fram dried-down product. Wash thorovghly after handling.

St ag e

Do mot store with acide, ammonium salte, cyanides, amines or
reducing agents.




o,

Good general ventilation should be provided to minimize
comtact with vapors, o dust from dried-dawn proaduct.

Forsonal Frotective Eguipment

Coverall chemical splash goggles.
Rubber gloves.

EvesFace
Frotective Gloves

nx =3

a1 lemed to dry and dusty conditions pxist, WEE

t prcibection.

b

Exposure Guidelir

: Fetabhlished

5 e Fetablished

: F omgsmE. B OHr. ThE, respirable dust
(S THM G : MNone Eetaklished

aonIuM NITRITE

{Cantinued)

FEL (OSHA) : Mone Established

TLY (ACEIH) : Mone Established

aElL % (Du Font) : 2 omgs/mE, 8 Hr. TWa, respirable dust
WEEL, (& THED : Mome Established

SUL I CARBOMNATE

L [RNEIRIEY : tablished

T { ) : abhlished

£ LN WIn R s S5 omasmE, 8 Hir. THA

Du Font’ s fAcceptable Exposure l.imit. Where
phad by dmp d oooupational exposuwre limits which are
the AFL are in effect, such limite shall take

FROFERTIES
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100 WTY Techmical and Oxidizing Salt
Solution

Odorless

Clear liguid

Selubility din Water
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=
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gdeg F

ceg F !

'pH

j_ Sty L

Unstable with heat after dry down.

Decomposition

with heat.

Decoan s

iy (W T ~E s

Gy el

Will mot ooour.,

[NE R T S F:

Incompatibility : Incompatible with acids, ammonium salts,
amines, activated cirbon, cyanides, and
reducing agents. May react with
secondary or tertiary amines te form
ritrozamines (Certain mitrosamines are
cancer—-suspect agents.).

TRMFORMSTTON
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Liguid,

Lo R o s
7188

regqulated in containing

than 200 lhe.

packages

MWot hazardous material.

Mot

regulated

regulated.
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OXIDIZING SUBRSTANCES N.0.S. LIGUID
(SODIUM NITRITE, SODIUM NITRATE, SODIUM
CAREONATE)

UN 1479

5.1, (9.2)

11



B cortect S Trve Lol
(I izing Material
U Divieion L Subdivision B o~ Toxio Material  Jdcute Lethality.
Subdiivision B o~ Tosic Material. Skin or B
i < E el
i LIRS r f)
DFrHER
Godditional
Du Font s "Sodiam
T the
specitic material desigrnated =i e oo wEmer A
comination with any other material or in
o DGR NG
OMNTERIG
Eis
End of MSDE




e
Ers
£
Er3
A
ETS
F
X3
HE
T
Er
-
x5
T
>

sdian Centre for Uccupaticrnal Health and Safety
e % % % ¥ ¥ k ¥k ¥ % ¥ ¥ ok ¥ ¥ % % % & % & % % Rk kK ¥ 0k ¥ ¥ %

o
e W I B X

$x% IDENTIFICATION X*X

M5DE RECORD MNUMRER : THADZ24
FRODUCT MaME{S) : UM MITRATE
FODuceT 1 2 D&ARDNG

;o 1994-06-07

DATE OF
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12.0. SAMPLING PLAN

12.1. INTRODUCTION

12.2,

12.3.

12.4.

This section describes the general process liquid and gas sampling procedures to be
used including: the analytical parameters, typical locations and methods. The sampling
and monitoring procedures described in this section have been selected to determine
the properties and compositions of the feed stream, oxidized effluent stream and the
off gases, thereby demonstrating the performance of the Wet Air Oxidation system.

SAMPLING EQUIPMENT, PROCEDURES AND LOCATIONS

The sampling equipment, procedures and locations are summarized in Table 12 -1.
Figure 12-1 shows the incoming red water sampled at point 1; diluted red water
sampled at point 2; oxidized effluent sampled at point 3 and offgases sampled at point
4. No sampling points were provided within the reactor system to minimize safety
hazards associated with the cooling and pressure let down of hot samples.

ANALYTICAL PROCEDURES

The analyses planned for the samples are listed in Table 12 - 2.

OPERATIONAL PARAMETERS

The operational parameters to be monitored by the DCS system include:

pH of diluted red water to reactor system

Level in feed drum

Differential pressure across duplex strainer

Flow of raw red water

Flow of effluent recycle stream

Flow of diluted red water to reactor system

Temperature of feed at the tubeside outlet of the feed/effluent exchanger
Temperature and pressure on the outlet line of the reactor system
Temperature of oxidized effluent at the outlet of the feed/effluent exchanger
Temperature of oxidized effluent at the outlet of the water cooler

Level in high pressure separator

Level in low pressure separator

Pressure on vapour line of high pressure separator

Pressure on vapour line of low pressure separator
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o Temperature of oxidized waste water in effluent drum
¢ Level in effluent drum

o Air flows to the reactor system

o Air flow to the inlet of the feed/effluent exchanger

o Oxygen content in the offgas line

o Total offgas flow rate
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Revision : 1
Date :01/09/95

l Table 12 -1 : Sample Collection Locations and Equipment

Fig. Description Access Equipment General
12-1 Procedure
Loc'n .
1 Raw Red Tap Glass Hourly Grab
Water Bottle Sample
2 Diluted Red Tap Glass Hourly Grab
Water Bottle Sample
3 Oxidized Tap Glass Hourly Grab
Effluent Bottle Sample
4 Offgases Port Bag Sample Hourly Grab
Sample
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Table 12 - 2 : Summary of Analytical Requirements and Methods

SAMPLE ANALYSIS METHOD
Raw Red Water/ pH SM No. 4500-H"
Diluted Red Water/
Oxidized Effluent
COD SM No. 5220 "D"
TOC SM No. 5310 "B"
Total Volatile Solids SM No. 2540
Total Solids SM No. 2540
Chlorides - ASTM D4327-91
DNT sulfonates Gas Chromatography
alpha - TNT Gas Chromatography
2,4 DNT Gas Chromatography
2,6 DNT Gas Chromatography
1,3,5 TNB Gas Chromatography
1,3 DNB Gas Chromatography
Nitrite SM No. 4500 - NO»y
Nitrate SM No. 4500 - NO3
Sulfate ASTM D4327-91
Offgases CO Gas Chromatography
CO»y Gas Chromatography
NO Infrared
Spectrophotometry
NO» Electrochemical Sensor
N> Gas Chromatography
NH3 Infrared
Spectrophotometry
92 Gas Chromatography
SOy Infrared
Spectrophotometry

"ASTM" refers to Annual Book of ASTM Standards, Water and Environmental Technology,

Section II, American Society for Testing and Materials.

"SM" refers to Standard Methods for the Examination of Water and Wastewater, 18th

Edition, 1992.
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13.0. OPERATIONS MANUAL

13.1. GENERAL DESCRIPTION

13.1.1 MANUAL PURPOSE

This manual provides instructions for the operations and maintenance
of the red water WAO pilot plant.

13.1.2 SYSTEM DESCRIPTION

This section discusses the objectives, process equipment and process
flow of the treatment system for red water. The pilot plant consists of
the following processes :

. Kenox Wet Air Oxidation (WAO) system

. Utility systems.

KENOX WAO System

The operating flow rate of the WAO system which is comprised of red
water and recycled effluent is 3 USGPM. Refer to Process Flow
Diagram (PFD) in Section 3 for the following flow description.

Incoming TNT red water from the local storage tank is delivered to the
Kenox feed drum D-104 via a dual strainer and the waste feed pump P-
101. An excess differential pressure reading from local PDI-301
indicates the basket is plugged. The flow should be directed to the
other basket and the plugged screen should be removed and replaced
by a clean screen.

At the inlet of feed drum D-104, the TNT red water is blended with a
treated effluent stream from the final effluent pump P-105 at a ratio
that has been preset in the flow ratio controller, FFRC-401. The
diluted feed is pumped from the feed drum by high pressure feed
pump, P-103 to the tubeside of the feed/effluent exchanger E-101. In
this exchanger, the feed stream temperature is heated to the required
reactor inlet temperature by the reactors' effluents.

The Kenox reactor system comprises of reactors connected in series.
Compressed air is injected into the reactors to supply the required
oxygen for the reaction.
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The combined oxidized liquid and spent air is withdrawn from the
reactors and cooled to 104 OF via E-101 and the water cooler E-103.
Gases and oxidized waste water leave the cooler E-103 and proceed to
a two stage pressure let down and separation system, D-101 and D-
102.

The off-gas, which at this point is mainly carbon dioxide , nitrogen and
water vapor is vented to the atmosphere. Part of the oxidized waste
water is recycled back via the effluent recycle pump, P-105 to the inlet
of the feed drum, D-104 and the other portion is discharged.

Compressed air is supplied to the Kenox reactors by the reciprocating
compressor C-101. Compressed air leaving the compressor flows to
the air accumulator D-103 before entering the Kenox reactors. The
total air flow to the Kenox reactors is controlled by an oxygen analyzer
which measures the Oy content of the off gas leaving the system.

UTILITY SYSTEMS
Instrument air is assumed to be available on site.

Cooling water is assumed to be available on site. The cooling water
supply/return system is shown in Dwg. No. 941014-FD-105.

13.1.3 KEY OPERATING PARAMETERS

The primary control for any Wet Air Oxidation system including
"Kenox" is

Feed Rate

Oxygen Flow (Air Demand)

Pressure in Reactors

Reaction Temperature

Feed Rate

The feed to the Kenox System is limited by the size of the reactors and
by the COD level to a lesser extent as there is a correlation between the
flow rate and residence time.
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Oxygen Flow

Excess oxygen is analyzed by AT-501 (Dwg. No. 941014-FD-104)
located on the gas line releasing to the vent stack. Test runs will
determine the optimum air supply requirements to the reactors.

Reactor Pressure

The pressure must be set so as to prevent boil-off and maintain a liquid
phase in the reactors. The reaction enthalpy is used for heating up the
liquid and oxygen containing gas feeds to the reaction temperature,
evaporation of water up to the vapour-liquid equilibrium and
compensation for heat losses from the reactors. This pressure is
maintained by PCV-312 located on the vapor exit from separator D-
101.

Reaction Temperature

The temperature is the most important process variable in the WAO
process as it determines the rate of the oxidation reaction. The
required temperature is determined by the chemical composition of the
waste water and the desired conversion efficiency. For low COD heat
must be added via the electric heater.
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13.2. START-UP PROCEDURE

13.2.1 START UP COOLING WATER SYSTEM
« Open valve on the 2" main cooling water line to the pilot plant.
« Open cooling water supply and cooling water return isolation valves to the
following equipment:
1. Air compressor, C-101
2. Reactor Effluent Cooler, E-103
3. Reactor System
13.2.2 ACTIVATE INSTRUMENT AIR SYSTEM

» Open all air supply valves to pneumatic instruments.

« Start up instrument air system. Check if pressure setting on valve PRV-XXX
on the instrument air line is at 90 psig.

13.2.3 SYSTEM WATER FILL
o Activate process control system.
« Open suction and discharge valves around high pressure feed pump, P-103.

« Open all manual in-line process valves around the following equipment: E-101,
E-102, reactor system, E-103, D-101, D-102 and inlet to D-105.

« Open service water supply isolation valves and XCV-602 by-pass valve to
allow water flow to suction of P-103.

« Set reactor pressure controller, PIC-312 on the reactors to 590 psig.

o Start pump P-103. Adjust the variable speed drive to maintain a flow of 4
USGPM as indicated by FT-404.

o The following equipment will fill with water:

a) Tube side of exchanger E-101
b) Reactors

c) Shell side of exchanger E-101
d) Tube side of E-103

e) H.P. Separator, D-101
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o After D-101 fills to the 50 % level, open control valve, LCV-108, manually to
allow water flow to L.P. Separator, D-102. Maintain 50 % level in D-101.

o Fill L.P. Separator, D-102 to the 50 % level and open LCV-110 manually to
allow flow to D-105. Maintain 50 % level in D-102. Caution: do not overfill
D-102. Oxygen analyzer AT-501 must not be in contact with water.

o Allow D-105 to fill to 50% level.

« Open discharge valve at the outlet of D-105 , suction and discharge valves
around effluent recycle pump, P-105 and valve to allow water to leave the
system.

e Start pump, P-105.

13.2.4 INCREASE SYSTEM TEMPERATURE
o Adjust P-103 VSD to maintain a flow rate of 3 USGPM.

« Set temperature controller TIC-202 to 484 OF.

« Refer to electric heater, E-102, start-up procedure in the vendor's manual and
start heater.

¢ Reactor system temperature, TI-209 should stabilize at 484 degF.
13.2.5 PRESSURIZE SYSTEM

« Once the reactor temperature reaches 484 deg F , the system pressure, PI-312,
will be approximately 590 psig.

« Open all manual in-line valves between the air compressor and the reactor
system. ‘

o Refer to compressor start-up procedure in vendor's manual.
o Start air compressor C-101.

« Oxygen analyzer controller AIC-501 should be set on override to allow full air
flow into the reactor system.

e Set air flow controller FIC-407 at 232 Ibs/hr and air flow ratio controller FFIC-
408 to proportion the second air flow in the range of 50% of the total air flow.
(FIC-407/408 to be operated manually).
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« Increase the pressure set point on pressure controller, PCV-312 in increments
of 100 psig until the system stabilizes at 985 psig.

o Check system for leaks while raising pressure. It is expected that the reactor
temperature will drop slightly when air is first admitted to the reactors.

« System stabilized at 985 psig - check discharge pressure on the high pressure
feed pump; pressure gauge PI-307 should read 1035 psig plus.

o Check all level instruments for appropriate settings.
13.2.6 INTRODUCTION OF WASTE WATER FEED STREAM
Once the reactor system stabilizes at 484 OF:

« Set the flow ratio control FFRC-401 such that flows of effluent recycle stream
and feed waste meet the dilution factor.

. Open all manual valves on discharge of P-105 to allow recycle stream to flow
to D-104.

o Start waste feed pump, P-101. Check PI-303 for discharge pressure. Reading
should be approximately 30 psig.

o Observe FI-401 and FI-402, the flow ratio should agree with the dilution factor
as set by FFRC-401.

o Allow D-104 to fill to 50 % level.

o Open manual discharge valve on D-104.

« Set oxygen analyzer, AT-501 at 5 % excess Op,

o Close all service water valves leading to thé suction of P-103.

o Change air flow ratio controller FFIC-408 from manual to automatic mode
(i.e. flow of air now on AIC-501 control).

o Optimize as necessary feed flow rate, FIC-407, FIC-408 and TI-209 to
maintain temperature around 484 OF.

« Monitor reactor inlet temperature of waste water stream, TI-202 and reactor
outlet temperature, TI - 209.
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« Take a sample of the oxidized waste water periodically and have it analyzed
for COD concentration and pH.
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13.3. SHUTDOWN PROCEDURE

For a planned shutdown, waste water from the feed tank and partially oxidized
waste water remaining in the system will be processed. After the processing of
the waste, the system will be completely flushed so that all contaminated piping
components are thoroughly cleaned and free of TNT red water.

The level of waste water in the feed drum will be decreased to the minimum
operating level before commencing with the shutdown procedures. This will
shorten the shutdown duration as well as save energy costs associated with
operating the electric heater, E-102.

» Open service water isolation valve to waste water feed line no. 101. Close
waste water feed valve to stop the flow of raw waste into drum D-104. This will
allow service water to flush the incoming feed line.

 Adjust flow ratio controller FFIC-401 to allow 100 percent flow from P-101
and no flow of the effluent recycle stream.

This can be considered as time, T =0 hr. (i.e. no contaminated liquid is being fed
to D-104). Assuming the flow rate is 3 USGPM and D-104 is full, the
approximate shutdown time is equal to 4 hours (i.e. 1.5 hours system liquid
retention plus 2.5 hours D-104 volume).

As the feed from D-104 becomes increasingly dilute and the demand for COD
decreases, the requirement for air will diminish and system temperatures will
start to fall. As a result, air flow control valves FCV-407/8 will automatically
close responding to the high oxygen level measured from the oxygen analyzer.

o Shutdown air compressor C-101 (refer to compressor operating manual).
Control valves XCV-604/5 will close automatically cutting off the supply of air
to the reactor system.

o Set temperature controller TIC-202 to 20 ©C. Electric heater, E-102 will
automatically return to 'Stand by' mode. All system temperatures will gradually
fall. '

o Decrease the set point of pressure controller PIC-312 in increments of 100 psi
to slowly ‘walk' the system pressure down.

At time T = 4 hours or later, adjust flow ratio controller FFIC-401 to allow rinse
water discharged from P-105 to flush the effluent recycle line into D-104. After
a few minutes reset FFIC-401 to 100 % flow from P-101.

Page 84 - KENOX Corporation

——,,




Conceptual Design : Wet Air Oxidation Pilot Plant For Red Water Project No.: UJ41014
Red Water Treatment Technology Test Plan & Site Preparation Project Revision : 1
U.S. Army Environmental Center, Aberdeen Proving Ground, Maryland Date :01/09/95

¢ Shutdown P-101.

o When the water in D-104 has reached the desired level shutdown P-103. The
water remaining in D-104 can be used to dilute the next batch of raw waste.

o Shutdown P-105. The water left in the system can remain there until the next
start-up. If maintenance is required, vent, drain and/or isolate as required.
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